Purpose: This study aimed to investigate the anti-tumor effect of propofol on gastric cancer (GC) and its underlying mechanisms. Patients and methods: SGC-7901 and MKN45 cells were transfected and divided into the following groups: Control group, Propofol group, Propofol+miR-140-5p inhibitor group and miR-140-5p inhibitor group. Moreover, cell proliferation, apoptosis, migration and invasion of SGC-7901 and MKN45 cells were evaluated by BrdU incorporation assay, Annexin V-FITC/PI double staining assay, wound healing assay and transwell assay, respectively. The mRNA expressions of matrix metalloproteinase 2 (MMP-2) and MMP-9 were detected by qRT-PCR. Cleaved caspase-3, Bcl-2, MMP-2 and MMP-9 expressions were detected by Western blot. Results: Propofol inhibited cell proliferation, migration and invasion, but promoted cell apoptosis in SGC-7901 and MKN45 cells. Propofol also elevated the expression of miR-140-5p. Suppression of miR-140-5p could reverse the effects of propofol on the biological behavior of SGC-7901 and MKN45 cells. Meanwhile, propofol treatment increased the expression of cleaved caspase-3 but decreased Bcl-2, MMP-2 and MMP-9 in SGC-7901 and MKN45 cells. The expression of cleaved caspase-3 was downregulated while Bcl-2, MMP-2 and MMP-9 were upregulated by miR-140-5p suppression. Conclusion: Propofol could inhibit cell proliferation, migration and invasion, as well as promote cell apoptosis by upregulating miR-140-5p in gastric cancer cells.
Introduction
Gastric cancer (GC) is the sixth common cancer and the fifth leading cause of cancer-related mortality in the world. 1, 2 Although substantial improvements have been made in the diagnosis and treatment of GC in recent years, the 5-year survival rate of patients still remains only 30% or less. 3 Thus, searching for novel and more effective therapeutic medicines will be helpful for GC therapy. Propofol (2, 6-diisopropylphenol) is a commonly used intravenous anesthetic agent. 4 Recently, a growing number of studies have reported that propofol plays an anti-tumor activity in a variety of cancers, including pancreatic cancer, 5 lung cancer 6 and gastric cancer. 7 Cell proliferation and invasion of pancreatic cancer cells are inhibited by propofol via modulating miR-133a. 5 Wang et al 8 indicated that propofol suppressed proliferation and invasion of GC cells via regulating miR-221. However, little information is available about the anti-tumor effect of propofol in GC cells. Thus, more researches are still needed to further investigate the mechanisms of propofol on suppressing GC growth and metastasis. MicroRNAs (miRNAs) are a small (18-25 nt) noncoding single-stranded RNA molecule, which plays important roles in post-transcriptional gene regulation. 9, 10 MiRNAs exert pivotal roles in various physiological and pathological processes such as cell proliferation, apoptosis and metastasis. [11] [12] [13] [14] Recently, miR-140-5p has been reported to function as a tumor suppressor in various cancers, including GC. Fang et al 15 indicated
that miR-140-5p suppressed the proliferation and migration of GC via regulating YES1. Zhang et al 16 reported that propofol inhibited cell proliferation, migration and invasion through regulation of miR-195 in GC cells. Another study also illustrated that cell proliferation of GC cells is repressed by propofol via regulating miR-451 and matrix metalloproteinase 2 (MMP-2). 17 However, the interaction between propofol and miR-140-5p on GC has not been well studied.
In this research, we investigated the effects of propofol on cell proliferation, migration, invasion and apoptosis of GC cells and its related molecular mechanisms. Our results revealed that propofol could inhibit cell proliferation, migration and invasion, as well as promote cell apoptosis by upregulating miR-140-5p in gastric cancer SGC-7901 and MKN45 cells. The findings of our study may provide new theoretical foundation for deeply exploring the treatment of GC by using propofol.
Materials And Methods

Cell Culture And Reagents
Human gastric cancer cells SGC-7901 and MKN45 were obtained from Shanghai Institute of Cell Biology, Chinese Academy of Sciences. All the cells were maintained in Dulbecco's modified Eagle's medium (DMEM, Sigma, USA) containing 10% fetal bovine serum (FBS, Gibco, USA) and 1% penicillin/streptomycin, at 37°C in 5% carbon dioxide and 95% air. Propofol was acquired from Sigma-Aldrich and diluted with dimethyl sulfoxide (DMSO, Sigma-Aldrich, USA) for in vitro assays.
Cell Viability Assay
The viability of SGC-7901 and MKN45 cells was tested by using cell counting kit-8 (CCK-8, Dojindo Molecular Technologies, USA) assays. In brief, the cells (1 × 10 4 cells/well) were plated in 96-well plates and exposed to different concentrations of propofol (0, 1, 5, 10 and 20 μg/ mL). After 48 h, 10 μL of CCK-8 solution was added to each well and the cells were cultured for 1 h at 37°C incubator. Finally, the absorbance at 450 nm was measured by using a microplate reader (Bio-Rad, USA).
Cell Transfection Assay
The miR-140-5p inhibitor was purchased from GenePharma (Shanghai, China) and transfected into SGC- 
Cell Proliferation Assay
The proliferation of SGC-7901 and MKN45 cells was visualized by bromodeoxyuridine (BrdU) kit (Thermo Fisher, USA), a colorimetric immunoassay. In brief, transfected SGC-7901 and MKN45 cells were seeded into 96-well plates (5 × 10 3 cells/well) and incubated at 37°C overnight. Then, the cells were labeled with 1 mg/mL BrdU solution for 3 hrs. In addition, the cells were denatured by using the kit's FixDenta solution for 30 mins and were then incubated for 90 mins by using peroxidaseconjugated anti-BrdU antibody. The number of BrdU-positive cells was observed under a fluorescence microscope (Axioskop 2 Plus, Germany). BrdU-positive cells were counted for five fields per section under a magnification (× 400) in a blinded manner.
Apoptosis Assay
The apoptosis of SGC-7901 and MKN45 cells was measured by Annexin V-FITC/PI apoptosis detection kit (Nanjing Jiancheng, China). Briefly, the transfected SGC-7901 and MKN45 cells were washed three times with phosphate buffer saline (PBS) and resuspended in 1×Binding buffer. Then, Annexin V-FITC and propidium iodide (PI) were utilized to stain SGC-7901 and MKN45 cells for 15 mins. Finally, apoptotic cells were analyzed using a flow cytometer (BD Biosciences, USA).
Wound Healing Assay
Wound healing assay was done as previously described. 18 The transfected SGC-7901 and MKN45 cells were inoculated onto 6-well plates (5 × 10 5 cells/well) and cultivated at 37°C. After 48 hrs, a pipette tip was used to scrape a wound, followed by washing with PBS three times. The cells were then cultured in serum-free medium at 37°C. Subsequently, the widths of scratch wound were measured under a light microscope at 24 hrs.
Transwell Assay
Transwell assay was performed as previously described. 19 The transfected SGC-7901 and MKN45 cells (1×10 5 cells/well) were inoculated to upper chamber (Corning, USA) and the inserts were pre-coated with Matrigel (BD, USA). The complete medium (600 μL) was subsequently added into the bottom chamber.
After incubation in 37°C incubator for 24 hrs, the nonmigratory cells were removed in upper chamber. The migrated cells were fixed with 4% paraformaldehyde followed by crystal violet staining. The number of migrating cells was counted under an optical microscope at 200 × magnification.
Real-Time Fluorogenic PCR Assay
As recommendation of supplier, total RNA of SGC-7901 and MKN45 cells was extracted using TRIZOL (Invitrogen, USA). Then, total RNA was reverse-transcribed into cDNA by Revert Aid First Strand cDNA Synthesis Kit (ThermoScientific, USA) and measured by using qRT-PCR (Bio-Rad, USA) with SYBR green qPCR Master Mix (Thermo Scientific, USA). Primers used for qRT-PCR analysis were as follows: miR-140-5p (forward): 5′-TGCGGCAGTGGTTTTACCCTATG-3′, (reverse): 5′-C CAGTGCAGGGTCCGAGGT-3′; U6 (forward): 5′-TGC GGGTGCTCGCTTCGGCAGC-3′, (reverse): 5′-CCAGT GCAGGGTCCGAGGT-3′; MMP-2 (forward): 5′-CGCTC AGATCCGTGGTGAGAT-3′, (reverse): 5′-CGGGAGCTC AGGCCAGAATG-3′; MMP-9 (forward): 5′-GTGCTGG GCTGCTGCTTTGCTG-3′, (reverse): 5′-TGGGGTTCGC ATGGCCTTCA-3′; GAPDH (forward): 5′-ACTCGTC ATACTCCTGCT-3′, (reverse): 5′-GAAACTACCTTCAA CTCC-3′.
Western Blot Analysis
Total proteins were extracted by RIPA lysis buffer (Beyotime Biotechnology, China). Protein samples (30 μg) were loaded and separated by 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis and then transferred into polyvinylidene difluoride membrane. The membranes were washed with PBS and blocked with 5% skim milk, followed by incubated in the following primary antibodies at 4°C overnight: cleaved caspase-3 (1:1000, Cell Signaling, USA), Bcl-2 (1:1000, Sigma Aldrich, USA), MMP-2 (1:1000, Thermo Fisher, USA), MMP-9 (1:1000, Thermo Fisher, USA), β-actin (1:2000, Cell Signal, USA). Afterwards, the peroxidase-labeled secondary antibody (anti-rabbit IgG, 1:5000, Cell Signal, USA) was used for incubation for 2 hrs. The protein blots were visualized with an enhanced chemiluminescence (ECL) kit. Finally, the density of Western blot bands was analyzed using Quantity One 1-D Analysis Software (BioRad, USA).
Statistical Analysis
All statistical analyses were performed using SPSS19.0 Statistical Software (Chicago, IL). The results were presented in the form of mean ± standard deviation. The differences between various groups were analyzed by one-way ANOVA followed by the Tukey's post hoc test, and the data of the two groups were assessed using the Student t test. P < 0.05 was considered to be statistically significant. Three independent events were done in all experiments.
Results
Propofol Inhibited Cell Viability Of MKN45 And SGC-7901 Cells
The function of propofol on cell viability was tested by using CCK-8 assay in both MKN45 and SGC-7901 cells (Figure 1 ). When compared with propofol 0 μg/mL group (control), cell viability was significantly decreased in 5 μg/ mL group, 10 μg/mL group and 20 μg/mL group (all P < 0.05) in both MKN45 and SGC-7901 cells and in a dosedependent manner. However, no significant difference was found between 0 μg/mL group and 1 μg/mL group (P > 0.05). When the cells were incubated with 10 μg/mL propofol, cell viability was reduced to almost 50%. Therefore, 10 μg/mL of propofol was selected for use in the subsequent experiments.
miR-140-5p Was Upregulated By Propofol In MKN45 And SGC-7901 Cells
As determined by qRT-PCR in Figure 2 , the expression of miR-140-5p in Propofol group was significantly increased compared with Control group (P < 0.05). Furthermore, miR-140-5p expression was significantly decreased in miR-140-5p inhibitor group compared with Control group (P < 0.05). When compared with Propofol group, the expression of miR-140-5p was significantly reduced in Propofol+miR-140-5p inhibitor group (P < 0.05). Those above results suggested that propofol might upregulate miR-140-5p expression in MKN45 and SGC-7901 cells.
Propofol Suppressed Proliferation And Promoted Apoptosis Of MKN45 And SGC-7901 Cells By Upregulating miR-140-5p
The effects of propofol on cell proliferation of MKN45 and SGC-7901 cells were assessed by using BrdU incorporation assay ( Figure 3A) . The cell proliferation ability was significantly inhibited in Propofol group and increased in miR-140-5p inhibitor group compared with Control group (P < 0.05). When compared with Propofol group, cell proliferation ability was significantly increased in Propofol+miR-140-5p inhibitor group (P < 0.05). The cell proliferation ability was significantly decreased in Propofol+miR-140-5p inhibitor group than that in miR-140-5p inhibitor group (P < 0.05). All results above indicated that propofol could suppress cell proliferation of MKN45 and SGC-7901 cells by upregulating miR-140-5p.
To determine the effects of propofol on cell apoptosis of MKN45 and SGC-7901 cells, we performed Annexin V-FITC/PI double staining assay. The results of Figure 3B showed that the rates of MKN45 and SGC-7901 apoptosis cells were significantly increased in Propofol group compared with Control group (P < 0.05). When compared with Propofol group, the cell apoptosis was significantly decreased in Propofol+miR-140-5p inhibitor group (P < 0.05). But the cell apoptosis was significantly increased in Propofol+miR-140-5p inhibitor group compared to miR-140-5p inhibitor group (P < 0.05). Cell apoptosis is regulated by the Bcl-2 family and caspase family proteins. Therefore, the expressions of cleaved caspase-3 and Bcl-2 in MKN45 and SGC-7901 cells were measured by Western blot assay ( Figure 3C ). The results showed that cleaved caspase-3 expression was increased (P < 0.05) whereas expression of Bcl-2 was decreased (P < 0.05) by propofol compared to Control group. When compared with Propofol group, the expression of cleaved caspase-3 was significantly reduced in Propofol+miR-140-5p inhibitor group, while Bcl-2 expression was significantly increased (P < 0.05). Moreover, the expression level of cleaved caspase-3 was increased (P < 0.05) while Bcl-2 was decreased (P < 0.05) in Propofol+miR-140-5p inhibitor group compared to miR-140-5p inhibitor group. All those results suggested that propofol could promote cell apoptosis of MKN45 and SGC-7901 cells by upregulating miR-140-5p.
Propofol Inhibited Cell Migration And Invasion Of MKN45 And SGC-7901 Cells By Upregulating miR-140-5p
The impacts of propofol on migration and invasion of MKN45 and SGC-7901 cells were measured by using the wound healing assay ( Figure 4A ) and transwell assay ( Figure 4B and C) . The results revealed that both cell migration and invasion of MKN45 and SGC-7901 cells were significantly inhibited in Propofol group compared with Control group (P < 0.05). Moreover, cell migration and invasion were significantly higher in miR-140-5p inhibitor group than those in Control group (P < 0.05). When compared with Propofol group, cell migration and invasion were significantly increased in Propofol+miR-140-5p inhibitor group (P < 0.05). The cell migration and invasion were markedly repressed in Propofol+miR-140-5p inhibitor group compared with miR-140-5p inhibitor group (P < 0.05), suggesting Propofol could inhibit cell migration and invasion of MKN45 and SGC-7901 cells through upregulating miR-140-5p.
Propofol Inhibited The Expressions Of MMP-2 And MMP-9 In MKN45 And SGC-7901 Cells By Upregulating miR-140-5p
As indicated by qRT-PCR assay ( Figure 5A and B) and Western blot assay ( Figure 5C ), the expressions of MMP-2 and MMP-9 were decreased in Propofol group compared to Control group (P < 0.05). In addition, MMP-2 and MMP-9 expressions were significantly higher in miR-140-5p inhibitor group than those in Control group (P < 0.05). When compared with Propofol group, MMP-2 and MMP-9 expressions were significantly increased in Propofol+miR-140-5p inhibitor group (P < 0.05). On the contrary, the expressions of MMP-2 and MMP-9 were markedly repressed in Propofol+miR-140-5p inhibitor group compared with miR-140-5p inhibitor group (P < 0.05). All those results suggested that propofol could inhibit the expressions of MMP-2 and MMP-9 in MKN45 and SGC-7901 cells by upregulating miR-140-5p.
Discussion
GC is one of the most common malignant neoplasms around the world. 20 Approximately 1 million new cases are identified and almost 850,000 deaths are reported each year. 21 It is urgent to explore and discover innovative and effective drugs to better treat this disease. In the current study, we demonstrated that propofol might suppress proliferation, migration, invasion and promote apoptosis by upregulating microRNA-140-5p in GC cells SGC-7901 and MKN45. Apart from its anesthetic effects, propofol also exerts a number of non-anesthetic effects. 22 Recently, increasing evidences have indicated that propofol plays an antitumor role in various cancers. [23] [24] [25] In addition, mounting researches have indicated propofol suppresses proliferation and invasion of cancer cells. 26, 27 Peng and Yang et al 17 reported that propofol could inhibit proliferation and promote apoptosis of GC cells. Wang et al 8 also demonstrated that propofol suppressed proliferation and invasion of human GC cells. In our study, we found propofol exerted anti-tumor effect on GC cells by suppressing cell proliferation, migration and invasion, and promoting cell apoptosis. However, the exact anti-tumor mechanism of propofol in GC is still unknown. Recent studies have indicated that miRNAs are significantly associated with gastric tumorigenesis and development. [28] [29] [30] Previous studies have reported that miR-647 suppressed cell proliferation and promoted apoptosis in GC cells. 31 MiR-1256 inhibited cell proliferation and promoted cell apoptosis in GC. 32 miR-206
and miR-140-5p have the ability to inhibit proliferation, migration and invasion of GC cells. 15, 33 In addition,
propofol has been reported to suppress proliferation and invasion of GC cells via regulating miR-221 8 and miR-195. 16 To sum up, propofol may exert anti-tumor effects by regulating the expression of miRNAs in GC cells. Therefore, we investigated whether propofol might exert anti-tumor effects on GC cells by modulating miR-140-5p. To further investigate the functional mechanism of propofol on apoptosis of GC cells, the expressions of apoptosisrelated factors (cleaved caspase-3 and Bcl-2) were measured. Studies have indicated that cleaved caspase-3 is a potent caspase that plays a crucial role in cell apoptosis. 34 Furthermore, the anti-apoptosis protein Bcl-2, a member of the Bcl-2 family, is vital to the intrinsic apoptotic pathway. 35 Our results showed that the expression of cleaved caspase-3 was increased but Bcl-2 was decreased by propofol treatment. On the contrary, the expression of cleaved caspase-3 was decreased but Bcl-2 was increased by miR-140-5p inhibitor treatment. The results more accurately confirmed that propofol could promote cell apoptosis in GC cells by upregulating miR-140-5p. It is known that inhibition of GC metastasis is a key step in GC treatment. 36 Some researchers have indicated that MMP-2 and MMP-9 play central roles in cancer cell migration. 37 In our study, the expressions of MMP-2 and MMP-9 were decreased by propofol treatment. Nevertheless, the expression of MMP-2 and MMP-9 was increased by miR-140-5p inhibitor treatment. These findings further provided evidence that propofol could also inhibit GC cell migration and invasion by upregulating miR-140-5p.
Conclusion
The present study demonstrated that propofol could significantly inhibit cell proliferation, migration and invasion, as well as promote cell apoptosis by upregulating miR-140-5p in SGC-7901 and MKN45 cells of GC. Our research provides an innovatively regulatory mechanism about the propofol in GC cells and points a new way to the treatment of GC.
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